Abstract: This paper examines a farmer's channel selection in a supply chain led by a retailer, considering carbon emissions and products' deterioration. Three channels-online channels, retail channels, and dual channels-are proposed. The inventory model of perishable products and the two-stage Stackelberg game model are used to illustrate the operational process. To compare performances of the three channel structures, we further determine the critical points consisting of the profits and the carbon emissions among these channels. The results provide useful insights for supply chain members and the government. Farmers can choose a channel to optimize profit with respect to deterioration rate and product yield, but it might conflict with the aim of least carbon emissions. When the deterioration rate is high, the online channel is not a suitable choice. For the government, the carbon tax contributes to the reduction of carbon emissions, but it also leads to the loss of the farmer's profit. Additionally, numerical results further illustrate that, from the perspective of the government, transporting and inventory processes are two major sources of emissions, and it is essential to implement carbon tax and exploit low-carbon transportation.
Introduction
China is a large agricultural country with a population of over 560 million farmers [1] . However, the per-capita income in the countryside is only one third of that in cities [2] . Wages, household businesses, and farming are three main components of their incomes [3] . Agriculture is a fundamental industry that plays an increasingly important role in the national economy and in people's livelihoods [4] . However, there have been thousands of wasted agricultural products in recent years [5] . For example, more than 100,000 tons of pitaya in Foshan, China were unsold and released to fish ponds in 2015 due to the high amount of decay and low market demand [6] . Thus, the profit of farming is only a quarter of the total profit [3] . Moreover, the market is mostly dominated by offline retailers or giant wholesalers, who usually hold more power to be the leader in the supply chain [7] . Moreover, few farmers choose the online channel to enlarge their market. Thus, it is essential to help the farmers expand their market and find a better way to get more profit. To improve the farmer's profits, the government implemented the 13th Five-Year Plan, in which the agricultural products industry and the rural e-commerce developing plan are emphasized [8] . New sales channels are encouraged in the plan, which also creates a good external condition to carry out online sales.
However, agricultural activities, including production, storage, and sales, contribute a significant share of greenhouse gas emissions and concurrently represent a carbon dioxide sink [9] . As an important part of environmental issues, global warming, which is mainly caused by carbon emissions from human activities, is further intensifying. In order to curb carbon emissions, governments around the world have developed and applied relevant low-carbon policies and regulations, among which the cap-and-trade and the carbon tax are two main popular regulations [10] . However, the carbon tax is extensively advocated, since it is regarded as the lowest cost emission reduction measure [11] . As one of the ten world's highest carbon emission countries, China also concentrates on the environmental problems [12] . The government has imposed a carbon tax on eight industries since 2016, including petrochemical, power, aviation, and so on, and the carbon tax is expected to cover all the enterprises and the industries in 2020 [13] . Therefore, the agricultural industry will also be involved in the near future. It is important to take environmental issues into consideration when the farmer is facing channel selection.
Based on the above background, the channel selection is quite significant under the carbon tax policy and the Internet economy background for both farmers and the government. Many scholars have conducted in-depth research on carbon management. For example, the carbon footprint analysis is carried out in different supply chains, such as the milk supply chain, the aquatic products supply chain, the fruit supply chain, and so on [14] [15] [16] [17] . Enterprises' decisions of carbon reduction investment were also studied by Wang et al. [18] and Krass et al. [19] . Additionally, there has been a great deal of research done regarding the channel selections. For example, producers' and factories' channel selections among traditional offline channels and other channels were investigated [20] [21] [22] [23] . Moreover, the conflict between the new channel and the traditional one was also studied [24] . These studies are profound and enlightening. However, there are few systematic studies on the impact of carbon emissions on the farmer's channel selection, especially considering the deterioration rate of agricultural products and the carbon tax on supply chain members.
The goal of this paper is to fill in the gap by finding out the optimal producing and sales plan for the farmer, then comparing and analyzing the carbon emissions of different channels for the government. Therefore, this paper compares and analyzes the optimal profits that the farmer can obtain through different channels when the yield is known. At the same time, this paper considers the carbon emissions under sustainable development and evaluates the environmental factors of different channels to support the country's sustainable development. In order to do the above analysis, we study three different channels to discuss the farmer's selection with or without the carbon tax policy. The impact of the downstream decisions is also considered.
The rest of this paper is presented as follows. In Section 2, the literature review is provided as our theoretical foundation. In Section 3, the assumptions and the basic models are shown. Section 4 analyzes the model and describes some theorems we obtained. The numerical analysis and the sensitivity analysis are presented in Section 5. Finally, we describe the conclusion and future research.
Literature Review
This research is related to two streams of literature. Firstly, we make the analysis on carbon footprint and low-carbon management. Then, we review the articles about channel selection decisions made by various supply chain members. We present a concise review below.
Carbon Footprint and Low-Carbon Management
Some scholars have researched the environmental impact of supply chain members' operational decisions. Two main branches are studying the carbon footprint and the low-carbon supply chain management.
The existing carbon footprint analysis of perishable agricultural products is mostly carried out and analyzed based on the PAS2050-based life cycle assessment (LCA) jointly issued by the British Standards Institute. The LCA is one of the most widely used methods for quantifying the environmental influence of products throughout its entire life cycle [25] . Benjaafar et al. [14] analyzed the carbon footprint and applied it to construct a measurement model. Meanwhile, they selected the milk supply chain as an example analysis object. Strutt et al. [15] used the life cycle method to evaluate and study the carbon footprint of aquatic products. Al-Mansour et al. [9] described the calculation model of agricultural carbon footprint and introduced the research results of grain and fruit carbon footprint. They also proposed a new farming method to reduce carbon emissions referring to the life cycle of agricultural products. Cappelletti et al. [16] used the LCA method to evaluate the carbon emissions in the production and the processing of Italian edible olives. Jesper et al. [17] evaluated the carbon emissions of the production and the processing of traditional brown bread. Chojnacka et al. [26] considered the carbon emission of production, transportation, and use of fertilizers based on the LCA analytical method. Yan et al. [27] researched the carbon footprint of the grain crop production process with the farm survey data from eastern China. They also compared the carbon footprint of three major grain crops (rice, wheat, and maize). Zhang et al. [28] concentrated on the production of maize on the Loess Plateau of China to figure out the carbon footprint. They concluded that the large potential for improvement could be realized by integrating crops, nutrients, and water management.
On the literature related to low-carbon emission supply chain management, Wang et al. [18] analyzed the supply chain involving a manufacturer and a retailer, then found that cost-sharing and wholesale price contracts could effectively encourage manufacturers to invest in carbon-reduction equipment. Carrillo et al. [29] considered the impact of environmentally relevant factors on costs in a two-channel supply chain problem while focusing on the channel decision-making issues of retailers in the supply chain. Krass et al. [19] also studied corporate decision-making in the low-carbon context of the supply chain and found that the increase in initial carbon costs would motivate companies to invest in and acquire low-carbon facilities. Hua et al. [30] found that carbon trading policies had a larger impact on corporate decision-making. Tsai et al. [31] analyzed the carbon emissions in different stages of tire production in order to lower the total carbon emissions of products. Activity-based costing (ABC) was adopted to assess green quality management and production cost. Thus far, research on low-carbon supply chain management has continued to expand. For example, Yang et al. [32] added the low-carbon preference of consumers into consideration. Ji et al. [20] focused on the low-carbon strategy of retailers and manufacturers while considering consumers' low-carbon preferences and corporate carbon reduction strategies. Martin et al. [21] found that the carbon tax had a strong negative impact on energy intensity and electricity use for manufacturers. Chen et al. [22] used evolutionary game theory to study manufacturers' behavioral strategies under carbon taxes and subsidies. They found that the carbon taxes levied by governments proved more effective in encouraging low-carbon manufacturing than governments subsidizing the low-carbon technology. Wang et al. [23] constructed a decentralized supply chain using the three-stage Stackelberg game model and the two-stage Stackelberg game model under the carbon tax. They found that both the environmental performance and the financial performance of the supply chain were better off when the supply chain members had distributed pricing powers.
Most of the above literature considered the effect of supply chain strategies on carbon emissions. Few researchers used LCA to analyze the carbon emissions. In this paper, we combine the carbon footprint with the farmer's channel selection strategies. The impact of carbon tax on supply chain members' decisions and profit is also considered.
Channel Selection
Another study similar to our research is channel selection. In recent years, channel selection has gradually become a hot topic, especially in the background of internet economy.
Many scholars have studied channel selection from the perspective of decision makers. At present, most of these studies are based on retailers, manufacturers, or suppliers. For example, Xu et al. [33] discovered that the use of new channels may lower the product's price. Yang et al. [3] analyzed and compared the channels between manufacturers in the retailer channel, the online channel, and dual channels, considering the cap-and-trade regulation. Khouja et al. [34] analyzed the manufacturer's channel selections and manufacturer's pricing decisions and found important factors affecting the choice of manufacturers' channels. Chiang et al. [35] found that it was beneficial for suppliers to establish a direct sales channel to compete with their corresponding retailers. Wang et al. [36] found that, for retailers with multi-channel sales, the difference in operating costs between different channels was an important issue affecting retailers' channel selections. Fruchter et al. [33] considered a channel choice for a manufacturer that could sell a product through retail channels and online channels simultaneously. Yang et al. [37] developed a supplier-retailer fresh product supply chain under three modes, and they investigated the optimal pricing and freshness-keeping decisions for different participators. They found the optimal modes for supplier, retailer, and consumer surplus. In addition to the research on channel selection, there have been many studies on channel conflicts. For example, on retailer channel selection, Abdelsalam et al. [38] found that the new sales channels would reduce the sales of the original sales channels. This would reduce the total sales profit rather than increase the total profit.
There is some research about farmer's channel selection. For example, Hao et al. [39] took the sales of apples by farmers in Shanxi and Shaanxi provinces of China as an example, and investigated the factors affecting the selections of sales channels by farmers. They found that the acquisition of membership in cooperatives had no significant impact on the sales of products. Digvijay et al. [40] studied the influence of transportation and communication networks on farmers' choices of channels when selling wheat and rice. They found that information and transportation were two main factors that affected their benefits on price, and information was more sensitive to their decisions. Therefore, there are many studies related to channel selections. However, most of the research has focused on large manufacturers and retailers, both of which are in a dominant position in the supply chain. There are few studies focusing on the strategies of disadvantaged members in the supply chain after taking into account the decisions of other members, especially the studies concentrating on the farmer's decisions. Additionally, the studies linked to the farmer are mostly qualitative. Moreover, the studies on comparisons among different channels are still insufficient and are far from abundant. Little research has systematically combined the channel selection problem with the perishable products and the carbon tax. In this paper, we expand the research field to the farmer's channel selection combined with the environmental issues, trying to provide quantitative research about the farmer's channel selection. A quantitative profit model is given as the basis for optimal decisions. Moreover, from the perspective of reducing carbon emissions, carbon tax, carbon footprint, and channel selection are combined, which enables governments to make decisions on sustainability by adjusting farmer's channel selection.
The Models

System Boundaries and Assumptions
There are three types of channels in this paper. In the online channel, simplified as Scenario O, a single channel is considered where consumers purchase products from the farmer directly. In the retail channel, referred to as Scenario R, a two-stage agricultural supply chain consisting of one farmer and one retailer is discussed. The farmer as the supplier is always the vulnerable one confronted with more risk, and among all the option contracts led by different leaders, the option quantity led by the retailer is the highest [37] . The dual channels, expressed as Scenario D, include two situations above. The general constructions of three channels are as follows in Figure 1 Before analyzing the model, assumptions are presented as follows:
(1) In the two-stage supply chain where the retailer is powerful enough, the shortage of farmer's supply is not considered [41] . (2) There are two main categories of measures on demand: stochastic demand and deterministic demand [42] . In this paper, the demand is regarded as a constant. (3) Inventory models are classified with simultaneous deteriorating rate and fixed lifetime with random lifetime [43] . We assume the deterioration rate is a constant. (4) Compared with the cost in production, the farmer's inventory cost is ignored. (5) The third-party logistics-but not the retailer-is responsible for carbon emissions when the agricultural products are transported. (6) The carbon emissions are linear with product quantity [10] .
Methodological Approach
In this paper, we mainly adopt two kinds of methodological approaches, including the Stackelberg game model and the inventory model for perishable products, which are illustrated respectively below.
The supply chain in the retail channel of this paper includes two members, which are the farmer and the retailer. The farmer is much more powerless, and the retailer has the absolute initiative [7] . The supply chain is mainly analyzed with the Stackelberg game model, in which there is a leader and others follow his decisions [7] . In this paper, the retailer firstly makes optimal decisions, deciding the order quantity that depends on the optimal sales period and signing up the contracts with the farmer. Referring to the retailer's choice, the farmer would accept the contract and decide its yield. When the carbon tax is imposed on the retailer, the retailer would firstly adjust their decisions to a new optimal value, and then the decisions and the profit of the farmer would accordingly change. A similar situation can be found in Yang et al. [10] .
Because the sales and the production of the agricultural products are seasonal, and the products are perishable, conventional supply chain strategies are inappropriate, since the products' values change over time [44] . The amount to purchase in the harvest season as well as each sales period strongly impact the profit for a wholesaler and a retailer [5] . Thus, this paper adopts the inventory model for perishable goods to model the optimal strategies of the farmer and the retailer. The same process can be found in Biswajit et al. [45] , Qin et al. [46] , and Giri et al. [47] .
Model Description
All notations used in the models are summarized in Table 1 . Before analyzing the model, assumptions are presented as follows:
Methodological Approach
Model Description
All notations used in the models are summarized in Table 1 . Farmer's duration of selling products online e r Carbon emissions of unit rotten products e t1 Carbon emissions of unit products transported in online channel e t2 Carbon emissions of unit products transported in retail channel e s Carbon emissions of unit products stored in unit time
Decision variables
H
Farmer's total amount of products S Channel selected by farmer T 2 Retailer's duration of selling Q r
Retailer's order quantity ϕ
Percentage of products sold online
In our model, the demand is a constant. In the online channel, the farmer's inventory can be applied to the inventory model of perishable products. The inventory level of the retailer and the farmer is modeled as Ghare and Schrader did [48] .
For the farmer, the boundary condition is that the inventory level equals with the yield of the farmer. Thus, the retailer's order quantity is the inventory level at the beginning of the sales period. After the order is received from the retailer, the farmer starts to produce. In the dual channels, we introduce the farmer's new decision variable-the proportion of the products sold online. Once the farmer chooses the dual channels, he needs to decide the proportion to reach the optimal profit.
To find the farmer's optimal profit, we analyze the retailer's optimal decisions. For the retailer, inventory cost, raw material cost, and deterioration cost are three main cost resources without carbon tax. When the carbon tax carries out, the carbon cost will also be considered. In the two cases, the total revenue is determined by the demand rate and the sales period. Therefore, the retailer's profit function can be obtained as follows:
Then, all the functions of revenue and cost among three channels are listed. For the online channel, the demand comes from customers, and the cost mainly comes from the productive process. For the retail channel, the retailer's orders are direct demands for the farmer; cost is also the production cost. Finally, the demand consists of both the customers' demands and the retailer's orders. Thus, we can get the farmer's profit functions in different channels as follows:
Finally, to compare the emissions in different channels, we study every component. The carbon emissions consist of transporting emissions e t , inventory emissions e s , and deterioration emissions e r . We exclude the production emissions because they are constant in three channels for the same yield. Additionally, there is a huge difference between online transporting emissions and offline transporting emissions due to the various transport mileage. The total emissions are linear with the quantity of products, thus we can conclude the total emissions of different channels as follows:
Model Formulation and Analysis
Without Carbon Tax
Without carbon tax, the farmer's and the retailer's profit functions can be described as Table 2 , and the corresponding proof is shown in Appendix A.1. Table 3 explains the decision variables, Table 4 solves the farmer's optimal profits, and the carbon emissions of the entire supply chain are presented in Table 5 . Table 2 . Profit functions of the farmer and the retailer
Scenario
Farmer Retailer Table 4 . The farmer's optimal profit without carbon tax. 
Scenario Farmer's Profit
R D(P r −W r ) λW r +h W r − C p O D λ P o ln P o C p − D λ P o − C p D D λ P o ln ϕλ(P r −2W r )+(1−ϕ)h+λW r (1−ϕ)(λW r +h) + D(P r −W r )[(1−ϕ)W r −C p ] (1−ϕ)(λW r +h)
With Carbon Tax
With the carbon tax, the farmer's and the retailer's profit functions can be written as Table 6 , and the corresponding proof is shown in Appendix A.2. Table 7 presents the decision variables, Table 8 solves the optimal profits, and Table 9 shows the carbon emissions of the entire supply chain. Table 6 . Profit functions of the farmer and the retailer
Scenario
Farmer Retailer
e λT 2 − 1 Table 7 . Decisions with carbon tax. Table 8 . The farmer's optimal profit without carbon tax. Table 9 . Equations of carbon emissions in channels with carbon tax.
Scenario Farmer's Profit
R W r − C p D(P r −W r −C e e t2 ) λW r +h+C e [λ(e r +e t )+e s2 ] O D λ P o ln P o C p − D λ P o − C p D D λ P o ln 1 + ϕ(P r −W r −C e e t2 ) (1−ϕ)[W r + h λ +C e (er+et2+ es λ )] − C p D λ P r −W r −C e e t2 W r + h λ +C e (er+et2+ es λ ) + W r D λ P r −W r −C e e t2 W r + h λ +C e (er+et+ e s2 λ )
Scenario
Carbon Emissions
The Results and Analyses
This section focuses on the comparisons of the profit and the carbon emissions among different channels. Firstly, the profit of each channel is analyzed. Then, the comparative analyses among different channels' profits are carried out. Secondly, the profit analysis with carbon cost is realized in the same way. Finally, the carbon emissions of two cases are analyzed and compared. The concrete analysis and comparison methods are shown in Figure 2 .
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Profit Analysis
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Profit functions and channel selection
We describe the relationship between profit and yield among three channels. In doing so, we find that the optimal channel varies when yield grows. A concern on how to choose the optimal channel arises and is discussed in the following paragraphs.
Lemma 1. With or without carbon tax policy, the relationship between the farmer's profits from all channels and the output of agricultural products is as follows:
Lemma 1 provides some insights: (1) for the online channel, when the yield is less than a certain value, the farmer's profits will increase with the increase of yield. On the contrary, the profit is negatively correlated with yield, and the maximum profit is obtained. The reason for this phenomenon is that the quantity of rotten products is relatively low when the farmer's output is small, and the increased sales can positively compensate for the cost of rotten products. When the farmer's output is large, the negative effect brought by the rotten products will exceed the positive effect brought by the increased sales; (2) for the retail channel, the profit of the farmer is a first-order monotone increasing function of output . This is because the farmer will negotiate with the retailer in advance, which ensures the stability of offline sales. Therefore, as long as the wholesale price is higher than the cost price, larger sales can make more profits; (3) for the dual channels, there is a positive correlation between the profit and the output when the products are less than a certain yield value, while the correlation is negative when the yield of products is high. 
Profit Analysis
Profit functions and channel selection
We describe the relationship between profit and yield among three channels. In doing so, we find that the optimal channel varies when yield grows. A concern on how to choose the optimal channel arises and is discussed in the following paragraphs. Lemma 1. With or without carbon tax policy, the relationship between the farmer's profits from all channels and the output of agricultural products is as follows:
Lemma 1 provides some insights: (1) for the online channel, when the yield is less than a certain value, the farmer's profits will increase with the increase of yield. On the contrary, the profit is negatively correlated with yield, and the maximum profit is obtained. The reason for this phenomenon is that the quantity of rotten products is relatively low when the farmer's output is small, and the increased sales can positively compensate for the cost of rotten products. When the farmer's output is large, the negative effect brought by the rotten products will exceed the positive effect brought by the increased sales; (2) for the retail channel, the profit of the farmer is a first-order monotone increasing function of output H. This is because the farmer will negotiate with the retailer in advance, which ensures the stability of offline sales. Therefore, as long as the wholesale price is higher than the cost price, larger sales can make more profits; (3) for the dual channels, there is a positive correlation between the profit and the output when the products are less than a certain yield value, while the correlation is negative when the yield of products is high. Theorem 1. For a certain yield of agricultural products H, the farmer's channels of optimal profit with or without carbon tax are as follows. There certainly exists two values of H: H 1 and H 2 , in which H 1 < H 2 . The farmer selects the online channel if H < H 1 , chooses the dual channels if H 1 < H < H 2 , and adopts the retail channel if H > H 2 .
There are two values of yield (H 1 and H 2 ), enabling the farmer to choose the online channel to get the maximum profit when the yield is lower than H 1 . When the yield is between H 1 and H 2 , dual channels are the best channel for the farmer. When the yield is more than H 2 , adopting the retail channel allows the farmer to receive the optimal profit. Thus, the farmer could draw up a suitable production plan and sales plan in the next period.
Impact of retailer's decisions on the farmer
When the retailer is in the downstream of a supply chain, its decisions bring an impact on the farmer's profit in the upper stream, particularly in the way of controlling the quantity of order the retailer offers to the farmer. Furthermore, the retailer's order depends on their optimal sales period, which is the optimal solution of the inventory model for the retailer.
Theorem 2. The impact of the retailer decisions on the farmer's sales channels profits is as follows:
The farmer's online profit is not affected by the retailer's decisions. However, for the retail and the dual channels, the farmer's profits will decrease when the retailer's sales period increases. Thus, the traditional sale channel is restrained by the retailer, which always prevents the farmer from getting more profit. Therefore, the farmer can exploit the online channel to get the potential profit and be more independent instead of being restricted by the retailer.
Impact of carbon tax on the farmer's profit
Although carbon tax is not imposed on the farmer directly, the retailer is still able to adjust its strategies to share the passive impact of the carbon tax on the farmer's profit, minimizing the retailer's loss, which also influences the farmer's decisions. Lemma 2. When carbon tax policy carries out, the retailer's sales period will be shortened.
From the retailer's profit function, we know that the retailer's profit will firstly increase and then decrease when the sales period keeps increasing, thus there exists an optimal T 2 for the retailer. The retailer will shorten the sales period to get the maximum profit when the carbon tax is carried out. This is because the increase of the sales period will create more sales profit and more cost related to stock-holding, decay, carbon emissions, and so on. Therefore, the increase of the sales profit will exceed the cost when the sales period is short, while the increase of cost will exceed the sales profit when the sales period is long.
Theorem 3. When carbon tax policy carries out, the farmer's online profit will not be influenced. For retail and dual channels, the profits will decrease. In dual channels, the farmer's optimal ϕ would increase.
According to Lemma 2 and Theorem 2, we know that the retailer's sales period will be shortened, which leads to less profit in the retail channel and the dual channels. The online sales profit remains unchanged. As a leader in this supply chain, the retailer will take some actions to reduce the loss of new changes, which may transfer the loss to the farmer. Thus, the farmer should open up a new sales channel to mitigate the damage. At the same time, governments can also implement some subsidy policies to encourage farmers to exploit new channels and help them gain more profits.
For the farmer in the dual channels, the retailer's sales period will shorten because of the carbon cost according to Lemma 2. Thus, the proportion for selling products online will increase. The retailer is a rational decision maker, thus it will change the sales period to obtain the maximum profit for themselves when the extra cost appears, which means the retailer needs to work with the farmer to reduce the order products. However, the online carbon costs are levied on third-party logistics companies, and compared with the direct effect from the retailer, it does not have a great impact on the farmer, thus the farmer sells more online.
Sustainable Carbon Emissions Analysis
After analyzing the channel selection that aims to get optimal profit, there exists concern regarding whether or not there might be conflict for the farmer to receive the highest profit and the lowest carbon emissions at the same time. To address this concern, we first describe (approximately) the relation between emissions and yield among three functions, and then the impact of carbon tax is discussed.
Lemma 3.
With or without the carbon tax policy, the relationship between yield and different channels' carbon emissions is are as follows:
In most conditions, the carbon emissions of the online channel will enhance with the increasing of the yield. Higher yield brings more rotten products and carbon emissions from transportation and inventory. For the retail channel, the carbon emissions will be higher with the increase of production. It is determined by the fact that the carbon emissions per unit of products are always positive.
Theorem 4.
For a certain yield of products H, the farmer's optimal carbon emission choices of channels with or without carbon tax are as follows. For the carbon emission function of two single channels, there must exist a value of yield we name H A , in which if the actual yield of farmer H is smaller than the H A (0 < H < H A ), the farmer selects the retail channel, and if H > H A , the farmer chooses the online channel. The dual channels would not be the optimal channel for the lowest carbon emissions.
Because the carbon emissions of both single channels are monotonically increasing with the yield, the unit carbon emissions between one of them must be higher or smaller than the other, which means that dual channels would not be the optimal channels at the aim of the lowest emissions. Thus, we can only discuss the emission correlation between two single channels. When the yield is less than a certain value, the retail channel will produce fewer carbon emissions. Otherwise, the online channel will be the optimal one. However, the selection strategies might not be the best option for the farmer's profits. Therefore, governments can carry some subsidies to guide the farmer to choose the optimal emission channel and allow them to gain more profit at the same time.
Theorem 5. The impact of the implementation of the carbon tax on the total carbon emissions of three channels is as follows:
For the total carbon emissions in the online channel, the carbon tax policy has little impact on the carbon emissions, since we do not consider the impact on third-party logistics enterprises. For the retail channel, the carbon cost will have a great influence on the retailer's profit. There is an optimal correlation between the total carbon emissions in offline sales and the retailer's sales period, because the longer the period is, the more products it needs, which in turn leads to more carbon emissions from deterioration, transportation, and inventory. This can also explain why the retailer's optimal sales period will be shortened after carrying out the carbon tax, even though the larger period will bring more sales profit. According to Lemma 2, with the carbon tax policy, the retailer's sales period will be cut down, thus the total emissions in offline sales will decrease. For dual channels, it is similar to the single channel-the online part will not be influenced by the policy, while the offline part will be influenced. In a word, with the implementation of the carbon tax policy, it is beneficial to reduce carbon emissions.
Numerical Analysis
Through the above theoretical analysis, we obtain the optimal channel from the perspectives of profit and carbon emissions. In this section, we provide numerical examples to illustrate the above analytic results and gain some managerial insights. We specify that W r =
Based on this, Figure 3 is plotted to show how profit function changes as yield grows, which proves Lemma 1 and provides an optimal profit channel selection strategy as Theorem 1. In Figure 3 , with the fixed ϕ = 0.5, we use letters X, Y, Z to represent three intersection points where we set the yield values of three intersection points satisfy the following inequation: H X < H Y < H Z . When the actual yield of the farmer is less than H X (0 < H < H X ), selecting the online channel would bring optimal profit. When the yield of the farmer is between H X and H Z (H X < H < H Z ), choosing dual channels would bring more profit, and when the yield H is more than H Z (H > H Z ), the adoption of the retail channel would create the most profit. Because the scale effects have not formed when the yield is low, higher unit price is the reason for getting more profit through the online channel. When the yield is high, production is oversupplied in the online channel because of the finite constant demand rate. However, contracts between the farmer and the retailer are signed in the retail channel, which enables the farmer to sell more with less risk. Thus, the retail channel is the optimal channel when the yield is high, and the online channel is appropriate for low yield. Otherwise, the dual channels are optimal.
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The Impact of the Deterioration Rate ( ) on Profit
We take 200,000 as the limitation of the yield to show the effects of deterioration rate on the channel profits and the channel decisions. Based on the below analysis, we can obtain further insights about the correlation between the deterioration rate and different channels.
Firstly, Figure 5 shows us the profit changes with the deterioration rate varying in three different channels. The insights we can gain include: (1) profit of the retail channel is not sensitive as the deterioration rate changes. This is due to the contract that the farmer signs with the retailer in advance, which ensures the reliability and the security of sales in the retail channel. Almost all kinds of products are suitable for the retail channel; (2) profit of the online channel is sensitive to the change of the deterioration rate. The lower the deterioration rate is, the higher the profit will be at the same yield. Meanwhile, compared to a low deterioration rate, when the deterioration rate is high, the farmer's profit will become negative at the relatively low level of yield, which indicates products with a high deterioration rate are not suitable for the online channel; (3) similar to the online channel, the profit of the dual channels is sensitive to the deterioration rate, but it is less sensitive than the online channel, which means more products can be accepted in the dual channels.
Then, we compare the three channels' profits and find that the retail channel's profit is always positive in relation to the yield. However, the optimal yield exists in both the online channel and the dual channels. For the same product, the dual channels' optimal yield is higher than the optimal one in the online channel. This result could motivate the farmer to exploit new sales channels to get the potential profit from the new channel. 
The Impact of the Deterioration Rate (λ) on Profit
We take 200,000 as the limitation of the yield to show the effects of deterioration rate on the channel profits and the channel decisions. Based on the below analysis, we can obtain further insights about the correlation between the deterioration rate λ and different channels.
Then, we compare the three channels' profits and find that the retail channel's profit is always positive in relation to the yield. However, the optimal yield exists in both the online channel and the dual channels. For the same product, the dual channels' optimal yield is higher than the optimal one in the online channel. This result could motivate the farmer to exploit new sales channels to get the potential profit from the new channel. To be specific, we give an example with a certain yield and illustrate how profit changes when the deterioration rate grows in Figure 6 . We can verify that profit in the retail channel has the lowest sensitivity, which is displayed as a straight line parallel with the X-axis. Profit in the online channel has the highest sensitivity. There are three points of intersection named X, Y, Z, and the deterioration rate of three points are set as , , with the inequation < < satisfied. It shows that when a product's deterioration rate is less than ( < ), selecting the online channel enables the farmer to get highest profit. When the deterioration rate is between and ( < < ), choosing the dual channels would be the optimal. Otherwise ( > ), the retail channel is the best choice. To be specific, we give an example with a certain yield and illustrate how profit changes when the deterioration rate grows in Figure 6 . We can verify that profit in the retail channel has the lowest sensitivity, which is displayed as a straight line parallel with the X-axis. Profit in the online channel has the highest sensitivity. There are three points of intersection named X, Y, Z, and the deterioration rate of three points are set as λ X , λ Y , λ Z with the inequation λ X < λ Y < λ Z satisfied. It shows that when a product's deterioration rate λ is less than λ X (λ < λ X ), selecting the online channel enables the farmer to get highest profit. When the deterioration rate is between λ X and λ z (λ X < λ < λ Z ), choosing the dual channels would be the optimal. Otherwise (λ > λ Z ), the retail channel is the best choice. To be specific, we give an example with a certain yield and illustrate how profit changes when the deterioration rate grows in Figure 6 . We can verify that profit in the retail channel has the lowest sensitivity, which is displayed as a straight line parallel with the X-axis. Profit in the online channel has the highest sensitivity. There are three points of intersection named X, Y, Z, and the deterioration rate of three points are set as , , with the inequation < < satisfied. It shows that when a product's deterioration rate is less than ( < ), selecting the online channel enables the farmer to get highest profit. When the deterioration rate is between and ( < < ), choosing the dual channels would be the optimal. Otherwise ( > ), the retail channel is the best choice. Overall, through the above analysis, the farmer's channel decisions should take the yield and the deterioration rate into account. Different types of products have different optimal sales channels. Moreover, the farmer can exploit new sales channels to get more market and profit. These results provide theoretical foundation for the channel selection.
The Impact of Proportion of Products Sold Online ϕ on Profit
In this part, we discuss further insights considering the impact of online sales proportion on profit. To discuss the impact on profit when the proportion varies, we change it from 0 to 1 in the step of 0.1 and then show this in Figure 7 .
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The Impact of the Deterioration Rate on Carbon Emissions
To discuss how carbon emissions change when the deterioration rate changes, we show the functions below with a certain yield.
Figures 9-11 convey several results: (1) the carbon emissions in the online channel are the most sensitive to the deterioration rate, while the retail channel is the least sensitive one. The correlation between carbon emissions and deterioration rate is positive in the retail channel, while it is negative in both the online channel and the dual channels. With the deterioration rate increasing, more deterioration will happen online, which means fewer products will be transported and fewer carbon emissions will be used in the online channel. The same tendency can be concluded in the dual channels. However, for the retail channel, although more deterioration happens in the retailer, when the deterioration rate is higher, the number of products delivered from the farmer to the retailer does not decrease; (2) the difference of carbon emissions among the three channels mainly depends on the transporting emissions online and offline. As analyzed above, when the deterioration rate is low, the difference of the transported products quantity between two single channels is not large. In this situation, the online channel will produce more carbon emissions because of the high-carbon transporting process. However, the products transported in the retail channel are much more than that in the online channel when the deterioration rate is high. The retail channel generates more carbon emissions than the online channel does, thus the difference is mainly from the delivering process in which the carbon emissions mainly depend on the transported quantity and the distance; (3) when the deterioration rate is low, the amount of deterioration increases rapidly, and with an increase of the deterioration rate, the increasing slows down when the rate is high. Thus, to control the deterioration, the farmer and the retailer can invest in warehouses to maintain a low deterioration rate.
From the above, we know that the farmers can adjust their operations to get the optimal profit. Farmers can choose the sales channel within the consideration of yield and deterioration rate. The farmer can also exploit the new channel to enlarge the market. High deterioration products are not suitable for online selling. Thus, the farmer can choose the channel according to the type of product. At the same time, it is beneficial to carry the carbon tax policy to control the emissions for governments; the farmer can also promote the use of some low-carbon transporters-such as electric vehicles-to restrain the emissions. Additionally, the investment in the cold chain is also important to control the deterioration, which could reduce the waste and also meet the market demand with less production. 
The Impact of the Deterioration Rate λ on Carbon Emissions
Conclusions and Future Research
The contributions of this paper are mainly embodied in the following two points. Firstly, the channel selection based on the maximum profit and the minimum carbon emissions are obtained. Then, the impact of the deterioration rate and the proportion of online sales on channel profits and 
The contributions of this paper are mainly embodied in the following two points. Firstly, the channel selection based on the maximum profit and the minimum carbon emissions are obtained. Then, the impact of the deterioration rate and the proportion of online sales on channel profits and carbon emissions are analyzed through the systematical channel comparison and sensitivity analysis. They prove the theoretical basis for farmers and the government to make decisions, which is beneficial for the country's economy development and environmental protection.
This paper is mainly about the discussion on the farmer's channel selection. There are three types of sales channels: online, retail, and dual channels. At the same time, it also considers the influence of low-carbon policies on the retailer of the supply chain, which leads to an impact of the farmer's decision-making. In addition, we conducted sensitivity analysis of the channel sales profit and the channel carbon emissions on the decay rate of agricultural products and the proportion of online sales. Here, we present some broad conclusions.
For the farmer, first, there exists a most profitable channel for fixed output, but it may conflict with the optimal sales channel with the aim of lower carbon emissions. Second, after adopting a carbon tax, the sales cycle of the retailer in the supply chain will be shortened, and the farmer's offline sales will be reduced, which will have a great impact on the offline sales and dual-channel sales. At the same time, the proportion of online sales will increase. Third, the retail channel can be adopted for products with high deterioration, while the online channel is not applicable for products with high deterioration. Moreover, the online channel's profit is more sensitive to the deterioration rate when the rate is low. Finally, if more products are sold online, then the farmer's optimal yield is lower. Thus, for the farmer, a reasonable distribution of their online sales proportion will result in higher profits, and the farmers can maximize profits by selecting their own scientific management and sales channels for production and sales. At the same time, the farmer should take some measures to keep the deterioration rate at a low level.
For governments, first, the carbon tax has less impact on the farmer than the retailer, and the total carbon emissions will decrease after carrying out the carbon tax. Second, the difference of carbon emissions between two single channels mainly comes from the transportation and the inventory process. Thus, governments can encourage companies to increase their anti-corrosion measures and investments in cold chain logistics to help the farmer achieve higher profits. In order to protect the environment and control the total amount of carbon emissions, governments should gradually impose carbon emissions costs on related enterprises in the agricultural products industry and carry out relevant subsidies to guide the farmer to choose the environmental channel. Moreover, governments should improve the transportation process, such as the overall planning of goods or the promotion of electric logistics vehicles.
At the same time, there are some limitations in this paper. First, the calculation of the carbon footprint is simplified in this paper, which has a certain deviation from the actual situation. Second, there are more carbon sources than the sources we mentioned and calculated in the paper, such as the inventory carbon emissions from logistics transfer stations, carbon emissions from equipment in the cold chain, and so on. In addition, this paper also omits some other channels that the farmer can choose. For example, the farmer sells in the third-party platform online, and then the platform sells to consumers, and so on. These simplifications prevent this paper from analyzing more possible scenarios, but they also provide a direction for future low-carbon agricultural product research. 
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